A B S T R A C T The interaction of the testis and gonadotropin secretion was studied in 15 men surviving chemotherapy for lymphoma. Azoospermia and complete destruction of all testicular germinal elements were present in 10 of the 15 men; however, Sertoli cells and Leydig cells were present. In these 10 men plasma follicle-stimulating hormone (FSH) levels were fourfold higher than in normal men of similar age whereas luteinizing hormone (LH) levels were normal. In contrast, both FSH and LH were normal in the remaining five men. Three had a full complement of spermatogenic tissue on biopsy and normal sperm concentrations. The other two men were azoospermic; one demonstrated full spermatogenesis in 30% of his tubules; the other had only a few spermatogonia in all tubules. In those patients with lower levels of gonadotropins pituitary insufficiency was excluded by the demonstration of appropriate responsiveness of FSH and LH to clomiphene administration. Similarly, Leydig cell function was normal since plasma testosterone was within the normal range in 13 of the 15 men and only slightly decreased in two. Thus, following chemotherapy, testicular damage was restricted to the germinal tissue, and this in turn was associated with a selective increase in FSH. The source of the FSH inhibitor is either the Sertoli cell or early germinal elements. However, since FSH levels are only half as high as those reported for castrate men, other testicular factors may modify FSH secretion.
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INTRODUCTION
The testis appears to have two functionally independent compartments, the Leydig cell, responsive to luteinizing hormone (LH),' and the seminiferous tubule, responsive to follicle-stimulating hormone (FSH) (1) . The precise mechanisms of control and the interrelationships among the various components are poorly understood. Earlier work suggested that damage to the testis primarily affecting the germinal epithelium was associated with increased excretion of FSH (2) (3) (4) (5) (6) . Since antitumor drugs, particularly the alkylating agents, are known to induce destruction of germinal tissue (7) (8) (9) (10) (11) .
we have evaluated a population of men who had received intensive chemotherapy for lymphoma (12) (15) . Normal values in men are 0.3-1.0 ,ug/100 ml (mean = 0.7 ,ug/100 ml).
Seminal fluid. Sperm concentration and morphology were examined in multiple semen specimens. Sperm counts were determined using a hemocytometer. Azoospermia was defined as no sperm seen on direct smear of the ejaculate. Immature and abnormal sperm were quantified from smears of the seminal fluid using MacLeod's criteria (16) . (Table I and Fig. 1 A) . Numerous semen analyses showed that 8 of these 10 men were azoospermic while in 2, occasional ejaculates contained low concentrations of spermatozoa.
The remaining five men differed in that testicular biopsy demonstrated evidence of spermatogenesis (Tables II and III) . The tubules of three of these patients showed complete spermatogenesis (Fig. 1D) and their ejaculates contained normal concentrations of sperm. The morphology of the sperm was normal except for a small increase in amorphous cells (Table IV) . The other two men were azoospermic, yet on biopsy (D. R.) showed spermatogonia in all tubules and rare spermatocytes and spermatids in a few tubules (Fig. 1 B) . The other (J. Mc.) demonstrated a full complement of spermatogenic tissue in 30% of the tubules (Table III) but adjacent tubules had only Sertoli cells (Fig. 1 C) (Fig. 3) .
Testosterone concentration. Plasma testosterone was measured in a single sample from each of the patients before clomiphene administration. The data are presented in Tables I and II . Testosterone values were within the range for normal men in all but two of the subjects (Fig. 4) (mean = 74%) were observed in 12 patients. This change is consistent with responses in normal men (17) . DISCUSSION The recent use of intensive multiagent chemotherapy in patients with lymphoma has permitted increased survival (12) . Since destruction of germinal tissue has been known to occur following the administration of alkylating agents to men (7, 11 ) with Hodgkin's disease, the availability of a population of men surviving lymphoma provided a unique opportunity to study the various components of testicular function.
Because this study was retrospective in design, the adequacy of testicular function before lymphoma and treatment was not known. However, since libido and sexual potency had been normal and since 11 of the men had fathered children before disease, it was assumed that the testes of these men had been normal before illness.
The findings of azoospermia and of severe depletion of germinal elements on testicular biopsy in 70% of the men studied are in keeping with the known destructive effects of alkylating agents in rodents (8) (9) (10) and man (7, 11) . This particular susceptibility of the germinal tissue to alkylating agents and antimetabolites probably is a consequence of the rapid cell turnover present in the spermatogenic cells of the seminiferous 
FIGURE 2 Plasma FSH levels in men treated for lymphoma are compared to levels in normal men of similar age. The range of values for normal men is given by the shaded area.
tubules. Previous studies indicated that the degree of germinal cell damage as well as the time for repopulation of the tubules appeared to be dose related (9) . Whether this same relationship exists in men receiving intensive chemotherapy is not clear. The lengths of remission are shown in Tables I and II and refer 
FIGURE 3 Plasma LH levels in man treated for lymphoma are compared to levels in normal men of similar age. The range of values for normal men is given by the shaded area.
are too few patients to state conclusively that return of germinal tissue is related to the interval of time since chemotherapy. The reversibility of germinal cell destruction may vary widely among men receiving chemotherapy. However, inherent resistance of the testis to alkylative agents in some men cannot be excluded. The striking feature of this study was the selective increase in plasma FSH levels in those men with total absence of spermatogenesis. A state of increased FSH, germinal cell aplasia, and normal Leydig cell function thus provide direct evidence for a seminiferous tubular factor which specifically affects FSH secretion in man. (6) . During the period of tubular damage, he found urinary FSH titers increased, whereas urinary LH excretion remained unchanged. Our data provide specific evidence for an increase in plasma Early investigators postulated that a water-soluble factor, "inhibin," of germinal epithelium origin was responsible for regulation of FSH secretion (2) (3) (4) (5) . However, this hypothesis has been accepted cautiously since the bioassays used to estimate the urinary FSH and LH excretion were relatively nonspecific. To date there has been no further characterization of "inhibin."
The anatomical site of origin for the FSH inhibitor similarly has been controversial. Earlier studies attempted to relate the casting off of spermatid cytoplasm during spermiogenesis with regulation of pituitary FSH secretion (18, 19) . Recently, Johnsen has presented data for man which demonstrate a correlation between absence of late spermatids on testicular biopsy and elevation of total urinary gonadotropins (20) . He postulated that some interaction between the Sertoli cells and the more mature spermatogenic cells is of major importance in the maintenance of high levels of the FSH inhibitor. In contrast, Leonard, Leach, and Paulsen failed to demonstrate any correlation between sperm count and serum FSH levels in normal men (21) . Elevated FSH levels have been found in some patients with idiopathic oligospermia (21-23), however, Leonard et al. could show no differences in germinal cell numbers between men with normal and those with elevated FSH titers. Thus, they rejected the hypothesis of control of FSH secretion by the germ cells per se and postulated control by an "independent station" as yet undefined. We would support the hypothesis that the anatomical site for the FSH inhibitor is either the Ser-toli cell or the early germinal elements since several of our patients (D. R. and J. Mc.) had normal FSH levels despite severe germinal cell destruction and azoospermia.
Despite the drug-induced changes within the seminiferous tubules, Leydig cell function appears to be normal. This interpretation assumes that the small difference noted in LH and testosterone for men with the greatest tubular damage are not physiologically important since all values, except for two testosterone measurements, are within the range reported for normal men. It is not possible, of course, to know whether testosterone levels decreased for any one man as a consequence of treatment. However, at least no striking increases in LH are evident as would be expected if testosterone secretion were subnormal. Furthermore, failure of LH release as a cause for lower testosterone levels is unlikely since LH concentrations were normal and they increased appropriately following clomiphene administration. Thus, if Leydig cell damage is present in even a few men, the dysfunction must be minimal.
Perhaps of equal importance to the selective increase of FSH with isolated seminiferous tubular damage is the question of whether other testicular factors influence FSH secretion. In this regard, although plasma FSH titers were increased fourfold in the men with germinal cell aplasia, FSH levels were still only half as high as those reported by Ross (24) (28) .
